In this study, a magnetically separable adsorbent [chitosan (CTS)/kaolin/Fe 3 O 4 magnetic microspheres] was prepared by emulsion crosslinking. The prepared microspheres were characterized by Fourier transform infrared spectroscopic analysis, vibrating sample magnetometry, X-ray diffraction, transmission electron microscopy, energy-dispersive spectrometry, thermogravimetric analysis and scanning electron microscopy. The synthesized microspheres were used as adsorbents for the removal of ciprofloxacin (CIP) from an aqueous solution. Adsorption of CIP from the aqueous solution was investigated in terms of adsorbent dose, initial pH (pH 0 ) and initial concentration. The optimal pH 0 for CIP adsorption was found to be 6. Highest adsorption capacity was achieved with an adsorbent dose of 15 mg. The adsorption kinetics were well described by the pseudo-second-order equation and the adsorption isotherms were fitted to the Langmuir model. Reusability experiments using CTS/kaolin/Fe 3 O 4 magnetic microspheres showed that the adsorption capacity of these microspheres had no observable deterioration in performance even after four repeated cycles. Results of the adsorptiondesorption experiments suggest that CTS/kaolin/Fe 3 O 4 microspheres can be used as promising adsorbents for removing CIP from wastewater.
INTRODUCTION
Ciprofloxacin (CIP) is an important fluoroquinolone antibiotic, which is widely used for the treatment of infectious diseases in humans and animals (Aristilde et al. 2010; Gu and Karthikeyan 2005; Liu et al. 2014) . However, CIP is not completely metabolized inside their bodies, and the antibiotic residue poses a serious threat to both human and animal health. As with most antibiotics, large amounts of CIP are excreted in the unmetabolized form from the human and animal bodies. Higher concentrations of CIP in the environment may cause fluoroquinolone resistance to bacterial strains owing to chromosomal mutations (Trivedi and Vasudevan 2007) . Therefore, it is necessary to develop efficient and inexpensive treatment methods for the removal of such antibiotic residues from the environment.
Many processes such as ozonation (Khan et al. 2010) , photo-Fenton process (Bautitz and Nogueira 2007), photoelectrocatalytic degradation (Bai et al. 2010; ) and adsorption (Chang et al. 2009 (Chang et al. , 2012 Figueroa et al. 2004; Ji et al. 2009; Kulshrestha et al. 2004; Wang et al. 2008; Xu et al. 2009 ) have been used for the removal of antibiotics from water. Among all these methods, adsorption is considered economically feasible owing to its flexibility in design and operation. In addition, the adsorbents used are suitable for reuse. In recent years, PURELAB Ultra (Organo, Tokyo, Japan). Stock solutions (1000 mg l -1 ) were prepared by dissolving CIP in deionized water. HCl and NaOH (both 1M) were used for pH adjustments.
Preparation of Fe 3 O 4 and CTS/Kaolin/Fe 3 O 4 Microspheres 2.2.1. Preparation of Fe 3 O 4 Nanoparticles
Fe 3 O 4 nanoparticles were prepared by co-precipitation of Fe 2+ and Fe 3+ . In brief, the nanoparticles were prepared as follows: ferric and ferrous chlorides (molar ratio 2:1) were dissolved in water at 40 °C under nitrogen flow. To this mixture, a solution of NH 3 ·H 2 O was added dropwise to prepare iron oxides. The pH of the final mixtures was maintained between 10 and 11. The mixtures were aged at 70 °C for 1.5 hours and then washed several times with distilled water until the pH of the supernatant becomes neutral. The obtained products (nanoparticles) were dried in a vacuum oven at 60 °C for 12 hours.
Preparation of CTS/Kaolin/Fe 3 O 4 Microspheres
Approximately 0.5 g CTS was dissolved in 25 ml of 2% (vol/vol) acetic acid solution. Then 0.1 g Fe 3 O 4 particles and 0.15 g kaolin were dispersed into this CTS solution under mechanical stirring for 2 hours at 1500 rpm. To this dispersion, 100 ml paraffin and 4 ml emulsifier (Span-80) were added under mechanical stirring at 40 °C. After stirring for 1 hour, 2 ml glutaraldehyde (25%; vol/vol) was slowly added to the reaction mixture. The mixture was stirred in a water bath, whose temperature was maintained at 50 °C, for another 1 hour; the NH 3 ·H 2 O solution was then added dropwise. The pH of the final mixture was maintained between 9 and 10. The final mixture was stirred in a water bath at 70 °C for another 1 hour. The products prepared were then centrifuged and washed several times with petroleum ether, ethanol and distilled water, respectively. Finally, the products were dried in a vacuum oven at 60 °C for 12 hours.
Characterization
Fourier transform infrared (FTIR) spectra were recorded on Nicolet Nexus 470 FTIR (ThermoElectric Cooling America, Chicago, IL) with 2 cm -1 resolution in the 400-4000 cm -1 range, using KBr pellets. X-ray diffraction (XRD) patterns were obtained with D/max-RA X-ray diffractometer (Rigaku, Tokyo, Japan) equipped with Ni-filtrated Cu-K a radiation (40 kV, 200 mA). The 2q scanning angle range was 20-70° with a time step of 0.02°/0.2 second. UV-VIS absorption spectra were obtained using a spectrometer (Specord 2450; Shimadzu, Kyoto, Japan). Energydispersive spectrometry spectra were recorded on Inca Energy 350 analyzer (Oxford Company, Oxford, UK). The scanning electron microscopy images were examined under a scanning electron microscope (S-4800; Hitachi, Tokyo, Japan). Transmission electron microscopy images were obtained using JEM-2010 (JEOL, Tokyo, Japan) operated at 200 kV. The thermogravimetric analysis (TGA) of the samples (powdered; weight, approximately 5 mg) was performed using SDT Q600 TG/DTA instrument (Netzsch) under a nitrogen atmosphere of up to 600 °C with a heating rate of 10 °C minute -1 .
Adsorption Experiments
Adsorption experiments were carried out using CTS/kaolin/Fe 3 O 4 microspheres as the adsorbent in a temperature-controlled incubator shaker (100 rpm, t = 25 °C). A known amount of adsorbent was thoroughly mixed with 20 ml of respective CIP solutions, whose concentrations and pH 0 were determined previously. The pH 0 of the reaction mixture was initially adjusted by adding either hydrochloric acid or sodium hydroxide (1M). The CTS/kaolin/Fe 3 O 4 microspheres were then rapidly separated from the solutions using a magnet, and the supernatants were analyzed for CIP concentration using the UV-VIS spectrophotometer at 276 nm. The adsorption of CIP on the CTS/kaolin/Fe 3 O 4 microspheres was performed for different intervals, initial solution pH 0 (2.0-10.0), initial CIP concentrations (20-240 mg l -1 ; Bai et al. 2010; Liu et al. 2014 ) and adsorbent dose (10-30 mg) in 20 ml of aqueous solution. The equilibrium adsorption capacity of the microspheres for CIP was investigated by placing 15 mg of CTS/kaolin/Fe 3 O 4 microspheres in 20 ml of aqueous solution with various CIP concentrations (20-240 mg l -1 ). The equilibrium adsorption amounts of CIP were calculated according to the following equation:
(1)
where Q e (mg g -1 ) is the amount of CIP adsorbed at equilibrium, C 0 and C e (mg l -1 ) are the concentrations of CIP initially and at equilibrium, respectively, V is the volume of CIP solution and m is the weight of CTS/kaolin/Fe 3 O 4 microspheres.
The adsorption kinetics studies were performed under conditions similar to those used for equilibrium tests: the initial concentration was set as 100 mg l -1 , absorbent dose was 0.15 mg and the samples were separated at pre-determined time intervals (0-240 minutes). The amount of CIP adsorbed (Q t , mg g -1 ) was calculated according to the following equation:
(2) where C t (mg l -1 ) is the concentration of CIP solution at any time t.
Desorption Experiments
For batch desorption experiments, the adsorbent used for the initial CIP concentration of 100 mg l -1 was removed from the CIP solution by a magnet. The CIP-loaded adsorbent is gently washed with deionized water to remove any unabsorbed CIP. The adsorbent was then stirred using a mechanical stirrer with 50 ml of 0.01M sodium hydroxide solution for 30 minutes . The amount of desorbed CIP is determined as mentioned earlier. (511) and (440), respectively . The result confirms that the Fe 3 O 4 nanoparticles were successfully incorporated into the microspheres. It can be seen that the particle size of the microsphere is approximately 30 mm. The surface of microspheres is rough, suggesting 
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Thermogravimetric Analysis
The objective of thermal analysis is to identify temperature ranges in which predominant weight losses occur in the microspheres. Figure 5 shows the TGA of the powder composites subjected to TGA, which involves heating the dry composites in an a-alumina crucible from room temperature to 600 °C at a heating rate of 10 °C/minute. The figure indicates that a high non-linear variation exists due to the presence of complex-phase transformations and interactions. The total weight loss in the sample was 53.52%. Approximately 13.53% weight loss was observed at temperatures below 200 °C due to the evaporation of residual moisture on the surface of microspheres. The weight loss of the microspheres between 200 and 600 °C is approximately 40%, which can be due to decomposition of organic matter. microspheres is verified by a separability test and the results are depicted in Figure 6(b; inset) . The CTS/kaolin/Fe 3 O 4 microspheres still contained enough magnetic force to meet the needs of fast separation. In the presence of an external magnetic field, the brown adsorbents were attracted to the wall of the vial in a short time (about 3 minutes), and a brown homogeneous dispersion existed without an extrinsic magnetic field. The process clearly demonstrated that the CTS/kaolin/Fe 3 O 4 magnetic microspheres could be easily collected using an external magnet. Therefore, it is reasonable to believe that the CTS/kaolin/Fe 3 O 4 magnetic microspheres can be rapidly removed from the CIP solution with the help of an external magnet after adsorption.
Magnetic Properties
Adsorption of the CIP
Effect of Adsorbent Dose
Adsorbent dose is an essential factor that must be carefully studied for wastewater treatment. The effect of adsorbent dosage (varying from 10 to 30 mg) on CIP removal is presented in Figure 7 . Initially, a rapid increase in adsorption capacity with the increase in adsorbent dosage from 10 to 20 mg was attributed to the availability of more adsorption sites. However, the amount adsorbed (Q e ) decreased from 29.5 to 20.5 mg g -1 when the adsorbent dosage was increased from 20 to 30 mg. This decrease in adsorption capacity was due to the concentration gradient between the adsorbent and the adsorptive (Nandi et al. 2009a) . Along with the adsorption capacity, the concentration gradient between the adsorbent and CIP will also decrease as the adsorbent dosage is increased. This result suggests that an absorbent dose of 15 mg is suitable and economical for the removal of CIP. 
Effect of pH 0
The effect of pH 0 on CIP adsorption is shown in Figure 8 . The CIP acid dissociation constants pK a1 and pK a2 are 6.1 and 8.7, respectively. At pH below 6.1, CIP molecules mainly exist as cations (CIP + ) because of the protonation of the amine group in the piperazine moiety (Wang et al. 2010) . At pH more than 8.7, CIP molecules exist as anions (CIP -) due to the loss of a proton from the carboxylic group. In the pH range 6.1-8.7, the pH values are higher than the pK a1 of the carboxylic group, and thus the group is deprotonated. However, the amine group stays protonated and positively charged as this pH range is still lower than the pK a2 of the amine group. In accordance with the aforementioned pH range, zwitterionic species of CIP molecules are predominant in the aqueous solution. As shown in Figure 8 , CIP adsorption was low at pH below 3 and increased with the increase in pH 0 , showing a maximum adsorption around pH 6. Adsorption started to decrease at pH higher than 6, with significant decreases beyond pH 8.7. Therefore, pH 6 was chosen to be the optimal pH 0 for the adsorption experiments. In this optimal pH, there is electrostatic interaction between the adsorbent surface and CIP. On the one hand, because pK a of CTS is approximately 6.20, at pH below 5 almost 90% of active sites were protonated, whereas at pH 4 more than 99% were protonated (Graciela et al. 2005) . On the other hand, at pH values lower than the point of zero charge (PZC) of clay minerals, the surface had a net positive charge and showed a tendency to accumulate anionic species. The PZC of kaolin was achieved at pH 7.0 (Nandi et al. 2009b) . Therefore, by electrostatic attractions, the CIP can bound to both CTS and kaolinite when the ambient pH was lower than 7.0. In addition, OHin the basic solution competes with the CIP molecules (Vimonses et al. 2009 ). 
Adsorption Kinetic Studies
where Q e (mg g -1 ) and Q t (mg g -1 ) are the amounts of CIP adsorbed on the adsorbent at equilibrium and time t, respectively; k 1 (minute -1 ) is the pseudo-first-order rate constant of adsorption, which was calculated from the plot of ln(Q e -Q t ) versus t, and k 2 (g mg -1 minute -1 ) is the rate constant of pseudo-second-order adsorption, which could be obtained from the plot of t/Q t versus t. Based on the pseudo-second-order model, the initial adsorption rate (h; mg g -1 minute -1 ) and half-equilibrium time (t 1/2 , minutes) are summarized in Table 1 The adsorption rate constants and linear regression values of the two rate equations are presented in Table 1 . It can be observed that the pseudo-first-order model exhibited poor fitting with the low regression coefficient value (R 2 ) and variance between the experimental and theoretical values, whereas the pseudo-second-order model exhibited favourable fitting between experimental and calculated values of Q e (R 2 > 0.99). Therefore, it is assumed that the adsorption of CIP followed pseudo-second-order kinetics, and that the chemical process could be the ratelimiting step (Baydemir et al. 2007 ).
Adsorption Isotherm Study
The binding properties of the CTS/kaolin/Fe 3 O 4 microspheres for CIP were studied by the equilibrium adsorption experiments. In addition, the fitting of equilibrium data to the Langmuir and Freundlich isotherm models is presented in Figure 10 . The Langmuir isotherm assumes that the adsorption behaviour is based on monolayer adsorption, and that a structurally homogeneous adsorbent is used in which all adsorption sites are identical and energetically equivalent. The Freundlich isotherm is an empirical equation, which assumes a heterogeneous surface energy Q e,c k 2 h (mg l -1 ) (mg g -1 ) (mg g -1 ) (l min -1 ) R 2 (mg g -1 ) (g mg -1 min -1 ) R 2 (g mg -1 min -1 ) t 1/2 (min) 
where Q e (mg g -1 ) is the equilibrium adsorption capacity, C e (mg l -1 ) is equilibrium concentration of adsorbate at equilibrium, Q m (mg g -1 ) is the maximum adsorption capacity of the adsorbent, K L (l mg -1 ) is the Langmuir adsorption constant and K F (mg g -1 ) and n are the Freundlich adsorption equilibrium constants. The affinity between the adsorbate and the adsorbent can be predicted using the Langmuir parameter K L by applying the following equation:
where C m is the initial CIP concentration, K L is the Langmuir isotherm constant and R L is the dimensionless separation factor. The adsorption process as a function of R L can be described as follows: When R L is greater than one, then the adsorption reaction is unfavourable, and it is linear when R L is equal to one. When R L is between zero and one, the reaction is favourable; the reaction is irreversible when R L is equal to zero. All the calculated values of the adsorption experiment are presented in Table 2 .
As can be seen from Figure 10 , the adsorption capacity increased with the increasing concentration of CIP. As can be seen from Table 2 , the maximum adsorption capacity was 47.85 mg g -1 at 298 K for the CTS/kaolin/Fe 3 O 4 microspheres. The R L value is 0.126 (i.e. between 0 and 1), which shows that the reaction is favourable. It can be seen that the linear coefficients of determination (R 2 ) for the Freundlich isotherm model were lower than R 2 values for the Langmuir isotherm model in Table 2 . The Q m values for the adsorption of CIP calculated from the Langmuir model were in close proximity to the experimental data. Thus, the Langmuir model better describes the adsorption of CIP onto the CTS/kaolin/Fe 3 O 4 microspheres than the Freundlich model.
Desorption Studies
For the potential application of an adsorbent in wastewater treatment, regeneration of the adsorbent for reuse is a very important factor. To evaluate the reuse value of the microspheres, four cycles of adsorption-desorption processes were performed. The NaOH solution (0.01M) was used as the desorbing agent in these cycles. Figure 11 shows the relationship between the time for reuse and the desorption efficiency of the CTS/kaolin/Fe 3 O 4 microspheres for CIP. It can be seen that the desorption efficiency of microspheres for CIP are 96.41%, 94.35%, 93.48% and 92.67%, after the four consecutive cycles of adsorption and desorption. This result implies that the microspheres possess the potential of regeneration and reuse.
CONCLUSIONS
The CTS/kaolin/Fe 3 O 4 microspheres were prepared by emulsion cross-linking and used as adsorbents for the removal of CIP from aqueous solution. The optimal pH value for CIP adsorption was 6.0; the adsorption capacity, however, varied with different dosages of the adsorbent. The adsorption kinetics were better described by the pseudo-second-order model, and their adsorption isotherms better fitted to the Langmuir model. The adsorption capacity of the microspheres showed no obvious deterioration in performance for at least four adsorption-desorption cycles. The procedure for preparing the microspheres was safe and simple, and the raw materials used in their preparation were cheap and easy to obtain. In addition, they had good biocompatibility and caused no pollution to the environment. The prepared microspheres had advantages of good adsorption capacity and regeneration property, and could be easily and rapidly separated (removed) from the solution phase with magnetic force, which improves their application in wastewater treatment, biological molecule separation and drug delivery.
